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Abstract 
Taiwan Power Company (TPC) launched the CCS pilot project in 2008. In the investigation stage, the Chang-Gong 
site was selected as the preferred site for the suitable geology condition and large storage capacity. Under the Chang-
Gong preferred site, target aquifer underlying the recent overburden sediments consists of four key geologic 
formations, namely KCL, CS, CL, and TKS formations from bottom to top. These formations have been outlined 
based on extensive literal review and analysis of available geological data, the maximum depth is estimated 
approximately 3,000 m. Hence, prior to allocate a 3,000 m deep characterization well, the land seismic reflection 
survey is regarded as compulsory to testify the adequacy of required drilling depth. Six survey lines were distributed 
in the industrial park of the preferred site, the seismic data showed higher S/N ratio than expected. It may be due to 
the fact that only few human activities and rather low background noises of the preferred test site. The continuous 
operation of wind-power generator, ocean current and tidal wave resulted in no significant effects on the seismic data. 
Moreover, the saturated soil would also help the downward penetration of source energy with mini-vibe. For better 
interpretation of the seismic profiles, an auxiliary seismic survey had been conducted nearby a pre-existing deep well 
(WG-1) located 15 km away and south of the industrial park. The auxiliary seismic profile showed four extinct 
reflectors which match in sequence with the formation boundaries as revealed with the well log of the WG-1. The six 
seismic profiles obtained also showed four extinct reflectors, which correlated consistency with the profile obtained 
15 km away. This seismic investigation showed the top of the target formations was in depth ranged from 2,200 m to 
2,460 m. Based on the depth interpretation of the target geological formations, a preliminary planning on the drilling 
depth, well bore development scheme, and stability design can be done prior to allocate a 3000 m characterization 
well on-site. 
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Introduction 
Up to 2009, Taiwan Power Company (TPC) has completed a project entitled “Building-up Geo-
Database System and Site Screening for Carbon Dioxide Geo-Sequestration”, by which a deep saline 
aquifer within the Tai-Hsi Basin is regarded as a preferred reservoir and more detailed site 
characterization works will be required to verify the adequacy of candidate reservoir rock, cap rock, and 
potential retardation layers.  
As a consequence, successive project entitled “Investigation, Pilot Planning and Research of Preferred 
Test Site for Carbon Geo-Sequestration” had been launched since mid 2010. This project aimed at 
intensifying the carbon geo-sequestration development of TPC, but also to make a practical preparation 
for a pilot test in the Chang-Gong preferred site. A further program encompassing next 5 years has been 
scheduled to construct deep wells to investigate more precise geological model and to examine the 
injectivity of the candidate carbon sequestration reservoir. Chang-Gong preferred site is in Ren-Wei sub-
district of Chang-Bin industrial park. In geology aspect, the site is located in the southern part of Tai-shi 
basin, the formations between 800m and 3,000m deep are TKS, CL, CS and KCL. For further 
understanding the geology condition for carbon sequestration, TPC has conducted the land seismic 
reflection survey in the Chang-Bin industrial park. In this project, seismic reflection investigation was 
used for understanding the depth and the attitude of the target formations, the existing geology structures, 
like folds and faults. The survey results would be combined with the known geology data and eventually 
for building up the site-scale geology model. 
Seismic reflection survey is widely used in the worldwide CCS pilot projects for characterizing 
geology structures. In these applications, the single vibroseis or the vibroseis array was adopted as a 
seismic source for the seismic data acquisition. These methods are proved be effective either in 
investigation or monitoring. For using the mini-vibe, not only the target investigation depth could be 
reached with the powerful energy, the shallow formations could also be resolved with the high frequency 
data. Some applications showed the maximum investigation depth could be over 3000 m. 
 
Seismic Reflection Investigation 
CDP method was adopted for planning the in-situ survey. The equipments used for data acquisition 
could be summarized into three category, they are source, receiver and seismograph. The mechanical 
Mini-Vibe was used as a seismic source which is capable of emitting the powerful and high resolution 
source wavelet, the sweeping is from 35 to 200 Hz. For each shot, 240 channels were recorded 
simultaneously with the distributed recording system. Tabel 1 shows the parameters.  
 
Table 1  Survey Parameters 
Item Parameter Item Parameter 
Seismic Source IVI MiniVibe Low-Cut Frequency 35 Hz 
Sweep Time 7 sec Geophone Spacing 4 m 
Sweep Frequency 35-200 Hz Source Spacing 16 m 
Stack No. At least 10 Channel No. 240 
Recording Length 3 sec Near Offset 144 m 
Sample Interval 1 msec Fold No. 30 
Geophone Geospace SMC-70 40Hz   
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Six survey lines, named A to E, were laid out in the industrial park, three were oriented nearly North-
South, whereas the others were East-West. Fig. 1(a) shows the distribution of the survey lines. Two non-
zero numbers on each line mean the beginning and the end distance of the seismic profile. Besides Line-
C, the left five lines are located in the Ren-Wei sub-district. The land surrounded with Line-D, B and F is 
the proposed site for Chang-Gong power plant and also proposed for the drilling site. The line length is 
from 2,156 m to 3,500 m, the total length is over 17 km. 
CPC (China Petroleum Company) owned WG-1 well is located 15km away and south to Ren-Wei sub-
district of the industrial park, shown in Fig. 1(b), the well depth is 3,054 m. One auxiliary survey line, 
named WK-line, was laid out nearby this well, the line length is about 1,900 m. The survey parameters 
are the same as Table 1. 
 
  
(a) Six Survey(A~F) Lines in the Industrial Park (b) One Auxiliary Line(Line-WK) Nearby the WG-1 
Fig. 1  Location of Seismic Survey Lines 
 
The in-situ operation was conducted from May to June in 2010, Fig. 2 shows the in-situ condition. In 
the field, the beginning and the end coordinates of each line were located with GPS and then the positions 
of receiver and source were marked on the ground surface by manual. For improving the efficiency of 
data acquisition, ten Geode recorders were used. Each Geode recorder was linked with 24 geophones in 
sequential, all Geode recorders were then series connected and 240 channel data could be converged to 
the seismograph for monitoring and storage simultaneously. 
 
  
(a) Mini-Vibe Operation (Line-C) (b) Geophone Installation (Line-A) 
Fig. 2  In-situ Survey 
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Fig. 3(a) shows the amplitude spectrum of the record near the source, the majority of energy is 
gathering around from 35 to 200 Hz which is consistent with the proposed plan. For removing the sweep 
signal, the deconvolution process is applied with the raw record. Fig. 3(b) shows the processed data. In 
general, the air wave and the ground roll is obvious in the lower part which the apparent velocity is below 
400m/sec. In the upper part, the direct wave is obvious which the wave velocity is 1520m/sec. Between 
these waves, the curved signals are the desired reflections from the formations. The numerous shot 
gathers were then reconstructed, edited, filtered, gained, analysed and stacked and eventually the seismic 
profiles were obtained. 
 
 
 
(a) Amplitude Spectrum of Wavelet (b) Shot Gather 
Fig. 3  On-Site Seismic Data 
 
Data Interpretation  
The seismic profile of auxiliary survey line (WK-Line) was first correlated with the well log of 
WG-1 and the dominant reflectors could be identified. The similar signal of these reflectors could be 
picked in the profiles of Line-A~ Line-F, thus the formation depth in the Chang-Gong preferred site could 
be obtained. 
1. Fig. 4 shows the logistics of interpretation. From left to right, the figure is the well log of WG-1, the 
seismic profile of WK Line, the seismic profile of Line-E. The dominant reflectors in the seismic 
profile of WK Line could be noted as R1, R2, R3, and R4. R1 is interpreted for the top of CL 
formation, R2 corresponds the top of CS formation, R3 and R4 are deeper then the target formations. 
2. Four dominant reflectors in the seismic profile of Line-E are noted for R1’, R2’, R3’, and R4’. The 
minor signal property of these four reflectors is similar to R1’, R2’, R3’, and R4’ respectively. 
Accordingly, the profile are interpreted for four main formations and noted with I, II, III, and IV. In 
between, formation-I consists of overlying sediments and TKS formation, formation-II is the CL 
formation, formation-III consists of CS and KCL formations, formation IV is the older formations. In 
other profiles, the four dominate reflectors and four formations could also be found.  
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3. In general, the picked reflectors are smooth and laterally continuous in each profile, it could be 
summarized that there is no obvious folds and faults in the depth range of the Chang-Gong preferred 
site. 
4. The dip angle of these reflectors is not the same for different profile. For R2’ reflector, the apparent dip 
angle is from 1.5 to 4 degrees while the maximum is in the profiles of Line-A and Line-C. The 
reflectors in the profiles of Line-E are nearly horizontal. In general, the target formations incline toward 
North-East and the dip angle is larger for the deeper formation. The depth of the target cap rock and 
storage rock, CS and KCL formation, are located within 3,000 m. 
 
 
Fig. 4 Seismic Profile Correlation 
 
Conclusion and Suggestion 
The Mini-Vibe, accompanied by the distributed recording system, had effectively improved the field 
operation, and the investigation depth could reach over 3,000 m in this area. The survey results are 
satisfactory and can be used to build up the site-scale geologic model. 
In general, the seismic data showed higher S/N ratio than expected. It may be due to the fact that only 
few human activities and rather low background noises of the preferred test site. The continuous 
operation of wind-power generator, ocean current and tidal wave resulted in no significant effects on the 
seismic data. Moreover, the saturated soil would also help the downward penetration of source energy. 
Accordingly, the seismic reflection method could also be adopted as a monitoring tool for monitoring the 
migration of injected CO2 plume. While the applications show the background noise and the amount of 
injected volume would affect the seismic survey results, the micro-seismic monitoring in the Chang-Gong 
site also reveal the obvious ground vibration induced in the winter season. The seismic reflection method 
should be carefully evaluated before put into practice. 
The formations in the preferred site incline toward North-East and the injected CO2 plume should 
migrate toward the Taiwan Strait. Thus, the geology data for the near-offshore area is important for 
commercial injection. For data complement, NCS (National Science Council) has conducted the marine 
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seismic reflection investigation offshore in 2011. Since the water depth of the near-offshore is less then 
10 m and the tide elevation varies violently, there is still 8 km gap between land survey and marine 
survey. The OBC method could be a suitable tool for the investigation. 
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